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ANTECEDENTES Y OBJETIVOS: la geometría permite la caracterización matemática objetiva de
las formas; la geometría fractal caracteriza objetos irregulares. La forma de los estados dinámicos del
ventrículo izquierdo que se observa mediante eco-cardiografía, puede evaluarse de manera objetiva a
partir de medidas de dimensiones fractales.
MÉTODOS: se midió la dimensión fractal a través del método de Box-Counting de tres objetos
definidos en 28 imágenes eco-cardiográficas, 16 de infantes normales (grupo A) y 12 enfermos (grupo
B), a fin de establecer diferencias entre salud y estados patológicos a partir de su comparación con las
dimensiones fractales de dos prototipos de normalidad y dos de enfermedad.
RESULTADOS: se desarrolló una nueva metodología diagnóstica de aplicación clínica basada en
el concepto de "armonía matemática intrínseca", y se halló que las dimensiones fractales de los
objetos definidos para un ecocardiograma enfermo presentan similitudes hasta en su cuarta cifra
significativa, con lo que se evidencia la posibilidad de seguir la evolución de normalidad a enferme-
dad. De acuerdo con los cálculos realizados 68,75% de los casos del grupo A podrían tener mejor
evaluación con el diagnóstico desarrollado y los enfermos podrían diagnosticarse de modo más
efectivo.
CONCLUSIONES: las imágenes ecocardiográficas pediátricas pueden caracterizarse de manera
objetiva con medidas de dimensión fractal, lo cual permite desarrollar una metodología de diagnósti-
co clínico de la eco-cardiografía en menores de edad, a partir del concepto de armonía matemática
intrínseca.
PALABRAS CLAVE: ecocardiografía, fractal, armonía matemática intrínseca.
BACKGROUND AND OBJECTIVES: Geometry allows the objective mathematical characterization
of forms. Fractal geometry characterizes irregular objects. The left ventricle dynamical states form
observed through echocardiography can be objectively evaluated through fractal dimension measures.
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LQWUtQVHFDYDULDELOLGDG\GLIHUHQFLDQHWDTXH
HYLGHQFLDQGLVFUHSDQFLDVPDWHPiWLFDVHQWUHQRUPDOLGDG
\ HQIHUPHGDGD SDUWLU GH DQiOLVLV JHRPpWULFRV GH ORV
REMHWRV HVWXGLDGRV \D TXH ODV GLPHQVLRQHV IUDFWDOHV
DQDOL]DGDVGHIRUPDDLVODGDSXHGHQUHVXOWDULQVXILFLHQWHV
SDUDUHDOL]DUGLDJQyVWLFRVFOtQLFRV
/DHFRFDUGLRJUDItDHVXQRGH ORVSURFHGLPLHQWRV
GLDJQyVWLFRVGHPD\RUXVRHQODHYDOXDFLyQGHOIXQFLR
QDPLHQWRFDUGLDFRSRUVXEDMRFRVWR\VXFDUiFWHUQR
LQYDVLYR 3DUD VX HYDOXDFLyQ VH KDQ GHVDUUROODGR
PHGLGDVFRQEDVHHQJHRPHWUtDHXFOLGLDQDTXHDSUR[L
PDQVXIRUPDDODGHXQDHVWUXFWXUDUHJXODUOR
FXDOKDFHTXHORVGLDJQyVWLFRVVHDQGHSHQGLHQWHVGH
ODVXEMHWLYLGDG\H[SHULHQFLDGHOREVHUYDGRU\GLILFXO
WHQHOHVWDEOHFLPLHQWRGHGLDJQyVWLFRVSUHFLVRV\UHSUR
GXFLEOHV
(OREMHWLYRGHHVWHWUDEDMRHVGHVDUUROODUXQDPHWRGR
ORJtD JHRPpWULFD SDUD OD FDUDFWHUL]DFLyQPDWHPiWLFD
REMHWLYDGHOHFRFDUGLRJUDPDSHGLiWULFRDWUDYpVGHOD
PHGLFLyQGHODVGLPHQVLRQHVIUDFWDOHVGHLPiJHQHVHQ
VtVWROH\GLiVWROHTXHVHFDOFXODQFRQHOPpWRGRGH%R[
&RXQWLQJ\VHHYDO~DQPHGLDQWHHOFRQFHSWRGHDUPRQtD
PDWHPiWLFD LQWUtQVHFD /D PHWRGRORJtD GHVDUUROODGD
SHUPLWLUi OD HYDOXDFLyQ VLPXOWiQHD GH OD HVWUXFWXUD
YHQWULFXODUL]TXLHUGDHQVtVWROH\GLiVWROHHVWDEOHFLHQGR
XQSDUiPHWURPDWHPiWLFRGHGLIHUHQFLDFLyQREMHWLYD\
UHSURGXFLEOHHQWUHQRUPDOLGDG\HQIHUPHGDGDSOLFDEOH
HQODFOtQLFD
METHODS: A measurement of fractal dimension was performed using the Box-counting method of
three defined objects in 28 echocardiographic images, 16 from normal children (group A) and 12 ill
children (group B), in order to establish differences between health and illness from its comparison
with the fractal dimensions of 2 normality prototypes and 2 disease prototypes.
RESULTS: A new diagnostic, clinical application methodology was developed based in the "intrinsic
mathematical harmony" (IMH) concept, and it was observed that the fractal dimensions of the defined
objects for an abnormal echocardiogram show similarity to its fourth significant number, thus
demonstrating the possibility of following up the evolution from normality towards disease.  According
to the performed calculations, 68.75% of the cases in group A could be better evaluated  with the
developed diagnostic methodology, and the ill ones could be diagnosed more effectively.
CONCLUSIONS: The pediatric echocardiography images can be objectively characterized  with
fractal dimension measurements, thus enabling the development of a clinical diagnostic methodology
of echocardiography in children from the IMH concept
KEY WORDS: echocardiography, fractals, intrinsic mathematical harmony.
,QWURGXFFLyQ
/DJHRPHWUtD HV XQD UDPDGH ODPDWHPiWLFDTXH
HVWXGLDODVSURSLHGDGHVGHODVILJXUDVHQHOHVSDFLR/D
JHRPHWUtDHXFOLGLDQDFOiVLFDVHDSOLFDDODVVXSHUILFLHV
SODQDVPLHQWUDVTXHODVQRHXFOLGLDQDVVHDSOLFDQDODV
VXSHUILFLHV FXUYDV R D REMHWRV LUUHJXODUHV   /D
DSOLFDFLyQGHPHGLGDVHXFOLGLDQDVHQREMHWRVLUUHJXOD
UHV REVHUYDGRV HQ PRGHORV GH H[SHULPHQWDFLyQ HQ
DQLPDOHV VH XWLOL]D HQ HO GHVDUUROOR GH PpWRGRV GH
HYDOXDFLyQGHGLIHUHQWHVH[iPHQHVVLQHPEDUJRHQOD
PD\RUtDGH ORV FDVRV VXV UHVXOWDGRVGHSHQGHQGH OD
VXEMHWLYLGDG\H[SHULHQFLDGHOREVHUYDGRU/DXWLOL]D
FLyQGHQXHYDVIRUPDVGHPHGLFLyQEDVDGDVHQJHRPH
WUtDIUDFWDOKDSURGXFLGRUHVXOWDGRVH[LWRVRVHQOD
GHVFULSFLyQGHODPRUIRORJtD\ILVLRORJtDDQLPDO\KXPD
QDDQLYHOH[SHULPHQWDO\FOtQLFR
(QFDUGLRORJtD+XLNXUL\FRODERUDGRUHVSURSRU
FLRQDURQPHGLGDVSUHGLFWLYDVGHPRUWDOLGDGGHVSXpVGH
LQIDUWRDJXGRGHOPLRFDUGLRDSDUWLUGHPHGLGDVIUDFWDOHV
*ROGEHUJHU\FRODERUDGRUHVDVRFLDURQHQIHUPH
GDG D FRPSRUWDPLHQWRV H[FHVLYDPHQWH SHULyGLFRV R
DOHDWRULRVPLHQWUDVTXHXQDFRQGXFWD LQWHUPHGLD VH
DVRFLyFRQODVDOXGGHVDUUROODQGRDVt ODFRQFHSFLyQ
VDOXGHQIHUPHGDG GH ORV VLVWHPDV GLQiPLFRV 6X
UHLQWHUSUHWDFLyQSHUPLWLyHOGHVDUUROORGHXQQXHYRPp
WRGRGHGLDJQyVWLFRPDWHPiWLFRREMHWLYR\UHSURGXFLEOH
GHODPRQLWRUtDIHWDOPHGLDQWHODDSOLFDFLyQGHODOH\GH
=LSI0DQGHOEURW5RGUtJXH]\FRODERUDGRUHVHVWD
EOHFLHURQFRQFHSWRVFRPRHOGHDUPRQtDPDWHPiWLFD
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0pWRGRV
6H WRPDURQHFRFDUGLRJUDItDVGHSDFLHQWHV FRQ
HGDGHVHQWUHGLH]GtDVGHQDFLGRVDGLHFLVLHWHDxRVGH
HGDG FODVLILFDGRV \ DJUXSDGRV VHJ~Q HO GLDJQyVWLFR
FOtQLFRFRQYHQFLRQDOUHDOL]DGRSRUXQPpGLFRH[SHUWR
/RVH[iPHQHVVHFODVLILFDURQHQGRVJUXSRVHOJUXSR$
FRUUHVSRQGHDPHQRUHVQRUPDOHVGLHFLVpLVSDFLHQWHV\
ORVPHQRUHVGHOJUXSR%SUHVHQWDQDIHFFLRQHVFDUGLDFDV
GHORVFXDOHVGRFHUHVXOWDURQUHSUHVHQWDWLYRVGHHQIHUPH
GDG7DEODV\
&RPRSURWRWLSRVGHQRUPDOLGDG\HQIHUPHGDG VH
HOLJLHURQFXDWURHFRFDUGLRJUDPDVORVFXDOHVQRSUHVHQ
WDURQGXGDVHQVXGLDJQyVWLFRWDQWRGHVGHORVSDUiPHWURV
FOtQLFRVFRQYHQFLRQDOHVGHDQiOLVLVGHOHFRFDUGLRJUDPD
FRPR GHVGH OD HYDOXDFLyQ FOtQLFD JHQHUDO HO SULPHU
HFRFDUGLRJUDPDHVFRJLGRFRPRSURWRWLSRGHHQIHUPH
GDGSUHVHQWyHVWHQRVLVSXOPRQDUPLHQWUDVHOVHJXQGR
YHQWUtFXOR ~QLFR FRQ GREOH HQWUDGD \ GREOH VDOLGD
DGHPiVGHYDVRVHQWUDQVSRVLFLyQ
(OH[DPHQHFRFDUGLRJUiILFRVHUHDOL]yFRQXQHTXLSR
9,9,'  GH *HQHUDO (OHFWULF GHO VHUYLFLR GH HFR
FDUGLRJUDItDSHGLiWULFDGHOD)XQGDFLyQ&DUGLRLQIDQWLO
FRQpVWHVHWRPDURQODVLPiJHQHV\VHUHDOL]yODGHOLPL
WDFLyQGHORVREMHWRVREVHUYDGRVFRQHOSURFHGLPLHQWR
FRQYHQFLRQDOUHDOL]DGRSRUXQH[SHUWR)LJXUD
/RVFRQWRUQRVHFRFDUGLRJUiILFRVGHOYHQWUtFXORL]TXLHUGR
HQGLiVWROH\VtVWROHVHGHQRPLQDURQLVODHLVODUHVSHF
WLYDPHQWH$GLFLRQDOPHQWHVHGHVDUUROOyHOFRQFHSWRGH
Tabla 1.
EDAD DE LOS PACIENTES DEL GRUPO A.
Caso Edad
$ 'RVPHVHV
$ 'LH] DxRV
$ 'RV DxRV
$ &XDWUR DxRV
$ 7UHFHDxRV
$ 6HLVDxRV
$ 1XHYHDxRV
$ 6LHWHDxRV
$ 2QFH DxRV
$ &XDWUR DxRV
$ 6LHWHDxRV
$ 6HLVDxRV
$ &XDWUR DxRV
$ 7UHVDxRV
$ &XDWUR DxRV
$ &XDWUR DxRV
Tabla 2.
EDAD Y PATOLOGÍA DE LOS PACIENTES DEL GRUPO B.
Caso Edad Patología
% 'RV DxRV &RPXQLFDFLyQ LQWHUYHQWULFXODU
% 8QDxR $WUHVLD WULF~VSLGH
% 'LHFLVLHWH DxRV 6REUHFDUJDGLDVWyOLFD OHYHGHO YHQWUtFXOR
GHUHFKRGUHQDMHYHQRVRDQyPDOR
SDUFLDO
% 7UHVDxRV 3RVWRSHUDWRULRGH WHWUDORJtDGH)DOORW\
VREUHFDUJD LPSRUWDQWH GHO YHQWUtFXOR
GHUHFKRPDUFDSDVRV
% 6LHWHDxRV &RPXQLFDFLyQ LQWHUYHQWULFXODU
UHVWULFWLYD \PHPEUDQD VXEDyUWLFD
% 'RV DxRV 3RVWRSHUDWRULR GH FRQQR FRPXQLFDFLyQ
LQWHUYHQWULFXODU KLSHUWHQVLyQ DUWHULDO \
SXOPRQDU GUHQDMH YHQRVR DQyPDOR
SDUFLDO
% 'LH] GtDV ,QWHUUXSFLyQGHODUFRDyUWLFR
% 6LHWHDxRV %LDXULFXODU RVWLXP VHFXQGXPPRGHUDGR
% 8QPHV 'UHQDMH YHQRVR DQyPDORPL[WR
% 8QPHV 9HQWUtFXOR~QLFRFRQGREOHHQWUDGD\
GREOH VDOLGD YDVRV HQ WUDQVSRVLFLyQ
% 8QPHV 9HQWUtFXOR~QLFRGHUHFKRDWUHVLDPLWUDO
% 4XLQFH DxRV (VWHQRVLV SXOPRQDU Figura 1 ,PiJHQHVGHOLPLWDGDVGHOHFRFDUGLRJUDPDDHQ VtVWROH \GLiVWROH FRUUHVSRQGLHQWHVDO SURWRWLSR3
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LVODWRWDOFRUUHVSRQGLHQWHDODXQLyQGHODVLVODV\/DV
LVODVIXHURQDLVODGDVGHODLPDJHQWRWDOGHODHFRFDUGLRJUDItD
)LJXUD\VHOHVVXSHUSXVLHURQFLQFRUHMLOODVFRQFXDGURVGH
\PLOtPHWURVGHODGRUHDOL]DQGRHO
UHVSHFWLYR FRQWHR GH FXDGURV SDUD OD REWHQFLyQ GH OD
GLPHQVLyQIUDFWDOD WUDYpVGHOPpWRGRGH%R[&RXQWLQJ
)LJXUD
GRQGH
1Q~PHURGHFXDGURVTXHFRQWLHQHHOFRQWRUQRGHO
REMHWR
.JUDGRGHSDUWLFLyQGHODFXDGUtFXOD
'GLPHQVLyQIUDFWDO
$UPRQtDPDWHPiWLFDLQWUtQVHFDJUDGRGHVLPLOLWXGR
GLIHUHQFLDHQWUHODVXQLGDGHV\ODVFLIUDVVLJQLILFDWLYDVGHODV
GLPHQVLRQHVIUDFWDOHVGHODVLVODV&XDQGRODGLIHUHQFLDHQ
ODVGLPHQVLRQHVIUDFWDOHVHVWiHQODXQLGDGVHGHQRWDFRQ
FHURFXDQGRHVHQODSULPHUDFLIUDVLJQLILFDWLYDFRQXQR
HQODVHJXQGDFRQGRV\HQODWHUFHUDFRQWUHV
,VOD  REMHWR TXH VH REWLHQH GH OD LPDJHQ
HFRFDUGLRJUiILFDGHDFXHUGRFRQHOFRQWRUQRHQGLiVWROH
GHOLPLWDGRSRUHOH[SHUWR
,VOD  REMHWR TXH VH REWLHQH GH OD LPDJHQ
HFRFDUGLRJUiILFDGHDFXHUGRFRQHOFRQWRUQRHQVtVWROH
GHOLPLWDGRSRUHOH[SHUWR
,VODWRWDOREMHWRPDWHPiWLFRFRQVWLWXLGRSRUODXQLyQ
GHODVLVODV\
Figura 2 ,VODV  \  GHO HFRFDUGLRJUDPD D FRUUHVSRQGLHQWHV DO
SURWRWLSR 3
$QiOLVLVPDWHPiWLFR
/DHYDOXDFLyQGH ODVHFRFDUGLRJUDItDVVHKL]RPH
GLDQWHHOFiOFXORORVYDORUHVQXPpULFRVGHODVGLPHQVLR
QHVIUDFWDOHVFDOFXODGDVHQODVGRVLVODV\ODWRWDOLGDGYHU
GHILQLFLRQHV
/DVGLPHQVLRQHVIUDFWDOHVGHODVLVODVHQORVFXDWUR
SURWRWLSRVIXHURQHYDOXDGDVFRQHOFRQFHSWRGHDUPRQtD
PDWHPiWLFDLQWUtQVHFD3RVWHULRUPHQWHHVWDVPHGLGDVVH
FRQWUDVWDURQ FRQ ODV GLPHQVLRQHV IUDFWDOHV GH ODV
HFRFDUGLRJUDItDVGHDPERVJUXSRVHQEXVFDGHFDUDF
WHUtVWLFDVPDWHPiWLFDVGHGLIHUHQFLDFLyQHQWUHQRUPDOL
GDG\HQIHUPHGDG
'DGRTXHHVWDPHWRGRORJtDVHEDVDHQSURFHGLPLHQ
WRVPDWHPiWLFRVJHQHUDOHVSDUDODFDUDFWHUL]DFLyQGHOD
Figura 3 ,PiJHQHV GHOLPLWDGDV VXSHUSXHVWDV GH ODV LVODV GH
HFRFDUGLRJUDPDVVDQRGHUHFKD\HQIHUPRL]TXLHUGD
3RUHMHPSORSDUDHOHFRFDUGLRJUDPD$ODGLPHQVLyQIUDFWDOGHODLVODHV
\ODGHODLVODHVHQFRQWUDQGRGLIHUHQFLDHQODSULPHUDFLIUDVLJQLILFDWLYD
HV GHFLU TXH OD DUPRQtD PDWHPiWLFD LQWUtQVHFD HQWUH HVWDV LVODV HV  (Q HO
HFRFDUGLRJUDPD$ODGLPHQVLyQIUDFWDOGHODLVODHV\ODGHODLVODHV
GHGLIHUHQFLiQGRVHHQODXQLGDGHVGHFLUTXHOHFRUUHVSRQGHHOYDORUGH
DUPRQtDPDWHPiWLFDLQWUtQVHFD3DUDHOHFRFDUGLRJUDPD%ODGLPHQVLyQIUDFWDOGH
ODLVODHV\GHODLVODWRWDOGLIHUHQFLiQGRVHHQODWHUFHUDFLIUD
VLJQLILFDWLYDHVGHFLUXQYDORUGHDUPRQtDPDWHPiWLFDLQWUtVHFDGH
GLQiPLFDFDUGLDFDODVPHGLGDVTXHVHREWLHQHQFDUDF
WHUL]DQPDWHPiWLFDPHQWHFDGDFDVRSDUWLFXODUVLQQHFH
VLGDGGHKDFHUDQiOLVLVHVWDGtVWLFRVVREUHXQDSREODFLyQ
HVSHFtILFD
'HILQLFLRQHV
)UDFWDOGHOODWtQIUDFWXVLQWHUUXPSLGR2EMHWRLUUHJXODU
7pUPLQRTXHVHGHILQHFRPRVXVWDQWLYRREMHWRLUUHJXODU
\FRPRDGMHWLYRLUUHJXODULGDG
'LPHQVLyQ IUDFWDOPHGLGDQXPpULFDDGLPHQVLRQDO
GHOJUDGRGHLUUHJXODULGDGGHXQIUDFWDO/DGHILQLFLyQGH
GLPHQVLyQIUDFWDOXVDGDHQHVWHWUDEDMRHVODGLPHQVLyQ
IUDFWDOGH%R[&RXQWLQJ
'LPHQVLyQIUDFWDOGH%R[&RXQWLQJ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3URWRWLSRVQRUPDOHVLPiJHQHVHFRFDUGLRJUiILFDVVLQ
GXGDVHQVXGLDJQyVWLFRQRUPDOGHQRPLQDGRV3\3
3URWRWLSRVHQIHUPRVLPiJHQHVHFRFDUGLRJUiILFDVFRQ
SDWRORJtDVVHYHUDVVLQGXGDVHQVXGLDJQyVWLFRGHQRPL
QDGRV3\3
5HVXOWDGRV
/DV GLPHQVLRQHV IUDFWDOHV GHO JUXSR$ HVWiQ HQWUH
\SDUDODLVODHQWUH\
SDUDOD\HQWUH\SDUDODWRWDOPLHQWUDV
TXHORVYDORUHVGHOJUXSR%HVWiQHQWUH\
SDUDODLVODHQWUH\SDUDOD\HQWUH
\SDUDODWRWDO
/RV UDQJRV HQ TXH VH HQFXHQWUDQ ODV GLPHQVLRQHV
IUDFWDOHVSDUDFDGDLVODQRGLIHUHQFLDQORVJUXSRVORTXH
PXHVWUDTXHODVGLPHQVLRQHVIUDFWDOHVDLVODGDVQRVRQXQ
SDUiPHWURSDUDFDUDFWHUL]DUORVJUXSRV
$OHYDOXDUODVGLPHQVLRQHVIUDFWDOHVFDOFXODGDVSDUDODV
LVODVGLQiPLFDVHQORVFXDWURSURWRWLSRVVHOHFFLRQDGRVFRQ
HOFRQFHSWRGHDUPRQtDPDWHPiWLFDLQWUtQVHFDVHHQFRQ
WUy TXH XQ SDFLHQWH HV QRUPDO FXDQGR ORV JUDGRV GH
LUUHJXODULGDGGLILHUHQVyORHQVXSULPHUDFLIUDVLJQLILFDWLYD
PtQLPRHQXQDGHODVWUHVFRPSDUDFLRQHV3RUHMHPSORHO
SURWRWLSR7DEODSUHVHQWDXQYDORUGHHQODVGRV
SULPHUDVUHODFLRQHV\HQODUHODFLyQGHODLVODFRQOD
WRWDO(OSDFLHQWH$SUHVHQWDHQOD~OWLPDUHODFLyQ\HQ
ODVGHPiVUHODFLRQHVHOYDORUHVSRUORFXDOVHFRQVLGHUD
QRUPDOGHVGHHVWDPHWRGRORJtD7DEOD
(QFRQWUDVWHORVSDFLHQWHVHQIHUPRVVHFDUDFWHUL]DQ
SRUTXHVXVGLPHQVLRQHVIUDFWDOHVGLILHUHQHQODVHJXQGD
WHUFHUD \ FXDUWD FLIUD VLJQLILFDWLYD SHURQRSUHVHQWDQ
GLIHUHQFLDHQODSULPHUDFLIUDVLJQLILFDWLYDHQQLQJXQDGH
ODV WUHV FRPSDUDFLRQHV 3RU HMHPSOR HO SURWRWLSR 
7DEODSUHVHQWDYDORUHVGHHQWRGDVODVUHODFLRQHV\
HO SDFLHQWH % SUHVHQWD YDORUHV GH  HQ WRGDV ODV
UHODFLRQHVSRUORFXDOVHFRQVLGHUDHQIHUPR7DEOD
Tabla 3.
DIMENSIONES FRACTALES Y ARMONÍA MATEMÁTICA INTRÍNSECA PARA LOS PROTOTIPOS EVALUADOS.
Dimensiones fractales Armonía matemática intrínseca
Isla 1 Isla 2 Isla total Islas 1 y 2 Islas 1 y total Islas 2 y total Diagnóstico
3       1
3       1
3       (
3       (
1QRUPDOLGDG(HQIHUPHGDG
Tabla 4.
DIMENSIONES FRACTALES Y ARMONÍA MATEMÁTICA INTRÍNSECA EN SUJETOS NORMALES (GRUPO A).
Dimensiones fractales Armonía matemática intrínseca
Isla 1 Isla 2 Isla total Islas 1 y 2 Islas 1 y total Islas 2 y total
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
$      
9RO1R
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'LDJQyVWLFRPDWHPiWLFRGHHFRFDUGLRJUDItDVSHGLiWULFDV
5RGUtJXH]\FROV
Tabla 5.
DIMENSIONES FRACTALES Y ARMONÍA MATEMÁTICA INTRÍNSECA EN SUJETOS CON PATOLOGÍAS CARDIACAS (GRUPO B).
Dimensiones fractales Armonía matemática intrínseca
Isla 1 Isla 2 Isla total Islas 1 y 2 Islas 1 y total Islas 2 y total
%      
%      
%      
%      
%      
%      
%      
%      
%      
%      
%      
%      
3RVLEOHPHQWHVRQHQIHUPRVRHVWiQHQHYROXFLyQKDFLD
OD HQIHUPHGDG TXLHQHV FRPR HQ ORV FDVRV GH ORV
SDFLHQWHV$\%HQODVUHODFLRQHVHQWUHLVOD\HLVOD
\WRWDOSUHVHQWDQXQYDORUGH\HQOD~OWLPDUHODFLyQ
VHHQFXHQWUDXQYDORUGH3DUDHVWHWLSRGHFDVRVVH
UHFRPLHQGDXQVHJXLPLHQWRFXLGDGRVRDILQGHREVHUYDU
VXHYROXFLyQHQHOWLHPSR
(Q ODV WDEODV  \  VH FRPSDUDQ ODV GLPHQVLRQHV
IUDFWDOHVGHODVLVODVXQR\GRVXQR\WRWDO\GRV\WRWDO
/D WDEOD  SUHVHQWD HO GLDJQyVWLFR GH ORV FDVRV GH
DFXHUGRFRQODPHWRGRORJtDGHVDUUROODGD
'LVFXVLyQ
(VWHHVHOSULPHUWUDEDMRHQHOTXHVHHYDO~DPDWHPi
WLFDPHQWHHOHFRFDUGLRJUDPDSHGLiWULFRDWUDYpVGHOD
PHGLFLyQGHODGLPHQVLyQIUDFWDOGHLPiJHQHVHQVtVWROH
\GLiVWROH6HDSOLFyHOFRQFHSWRGHDUPRQtDPDWHPiWLFD
LQWUtQVHFD DO GHVDUUROOR GH XQD QXHYD PHWRGRORJtD
GLDJQyVWLFDHVWDEOHFLHQGRXQSDUiPHWURGHGLIHUHQFLD
FLyQREMHWLYDUHSURGXFLEOH\DSOLFDEOHHQODFOtQLFD/D
PHWRGRORJtDGHVDUUROODGDSHUPLWHODHYDOXDFLyQVLPXO
WiQHDGHODHVWUXFWXUDYHQWULFXODUL]TXLHUGDHQVtVWROH\
GLiVWROHHQFRQWUDQGRTXHODVGLPHQVLRQHVIUDFWDOHVHV
WDEOHFHQ GLIHUHQFLDVPDWHPiWLFDV HQWUH QRUPDOLGDG \
HQIHUPHGDG/RVHFRFDUGLRJUDPDVFX\DHYDOXDFLyQGH
DUPRQtDPDWHPiWLFDLQWUtQVHFDHVHQFXDOHVTXLHUDGH
ODV UHODFLRQHVHVWDEOHFLGDVSRU ODV LVODVVHDVRFLDQD
QRUPDOLGDGPLHQWUDVTXHORVTXHSUHVHQWDQORVYDORUHV
GH\HQODDUPRQtDPDWHPiWLFDLQWUtQVHFDHQPiV
GHXQDGHODVUHODFLRQHVVLQXQYDORUFRPRPtQLPRVH
DVRFLDQFRQHQIHUPHGDG/RVFDVRVHQORVTXHODUHODFLyQ
HQWUHODVLVODV\\HQWUHODVLVODV\WRWDOWHQJDQXQ
YDORU LJXDOD\ ODUHODFLyQHQWUH OD LVOD\ OD WRWDO
SUHVHQWHXQYDORULJXDODSRVLEOHPHQWHHVWiQDVRFLD
GRVDHQIHUPHGDGRDHYROXFLyQKDFLDpVWD\VHUHFR
PLHQGDXQVHJXLPLHQWRSRVWHULRUFXLGDGRVR
/RVSURWRWLSRVHVFRJLGRVSHUPLWHQODGHWHUPLQDFLyQ
GHODVFDUDFWHUtVWLFDVPDWHPiWLFDVIXQGDPHQWDOHVTXH
GLIHUHQFLDQQRUPDOLGDGGHHQIHUPHGDGDSDUWLUGHODV
FXDOHVVHUHDOL]DXQDHYDOXDFLyQGHOUHVWRGHFDVRV(VWD
PHWRGRORJtDGLDJQyVWLFDHYDO~DFDGDFDVRGHPDQHUD
REMHWLYDDSDUWLUGHVXVFDUDFWHUtVWLFDVJHRPpWULFDVLQGH
SHQGLHQWHPHQWHGHODSDWRORJtDHVSHFtILFD\GHODHGDG
GHOSDFLHQWHVLHPSUH\FXDQGRVHDPHQRUGHGLHFLRFKR
DxRV HQFRQWUDQGRPHGLGDV QXPpULFDV JHQHUDOHV GHO
HVWDGR GH QRUPDOLGDG R HQIHUPHGDG GHO YHQWUtFXOR
L]TXLHUGR TXH KDFHQ LQQHFHVDULR HO XVR GH PpWRGRV
HVWDGtVWLFRV $Vt DO FRPSDUDU yUGHQHV GH PDJQLWXG
XWLOL]DQGRODIXQFLyQH[SRQHQFLDOHQEDVHHSRUVHUpVWD
ODIXQFLyQLQYHUVDDODIXQFLyQORJDULWPRVHHQFXHQWUD
TXHHOJUDGRGHVLPLOLWXGHQWUHODVSDUWHV\ODWRWDOLGDG
HQ ORV SDFLHQWHV QRUPDOHV RVFLOD HQ yUGHQHV HQWUH
H \H PLHQWUDVTXHHQORVHQIHUPRVVHHQFXHQ
WUDHQWUHH \H [HVGHFLUTXH
HOJUDGRGHVLPLOLWXGHQWUHODVSDUWHVFRPSRQHQWHV\OD
WRWDOLGDGHQORVFDVRVHQIHUPRVOOHJDLQFOXVRDVHU
YHFHVPD\RUTXHHQORVFDVRVQRUPDOHV
(VWXGLRV SUHYLRV HYLGHQFLDQ TXH ODV DOWHUDFLRQHV
PRUIROyJLFDVVHUHODFLRQDQFRQDQRPDOtDVIXQFLRQDOHV
WDOHVHOFDVRGHODVVLPXODFLRQHVGHODDFWLYLGDGFDUGLDFD
UHDOL]DGDVSRU.DSSHQEHUJHUTXLHQPXHVWUDFyPR
ODJHRPHWUtD\ODDQDWRPtDLQIOX\HQODHVWDELOLGDGHOpF
WULFDGHOFRUD]yQ(VWDHVODUD]yQSRUODFXDOHODQiOLVLV
JHRPpWULFRGHOYHQWUtFXORHQGRVPRPHQWRVIXQFLRQDOHV
855HYLVWD&RORPELDQDGH&DUGLRORJtD0DU]R$EULO
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GLIHUHQWHVSXHGHGDUFXHQWDGHVXHVWDGRGHQRUPDOL
GDGRHQIHUPHGDG/DFDUDFWHUL]DFLyQPDWHPiWLFDSHU
PLWHVXSHUDUHOFDUiFWHUGHVFULSWLYRGHORVGLDJQyVWLFRV
WUDGLFLRQDOHVHQORVTXHVyORVHFRQVLGHUDQORVHVWDGRV
GH QRUPDOLGDG \ HQIHUPHGDG DVt FRPR VX REMHWLYD
HYROXFLyQ'HDFXHUGRFRQODPHWRGRORJtDGHVDUUROOD
GDGHORVVXMHWRVGHOJUXSR$FRUUHVSRQGHQD
SDFLHQWHVHQIHUPRVRHQHYROXFLyQKDFLDODHQIHUPHGDG
DOSUHVHQWDUyUGHQHVPDWHPiWLFRVFDUDFWHUtVWLFRVGHORV
SURWRWLSRVGHHQIHUPHGDG(VWHKHFKRHYLGHQFLDUtDGLIL
FXOWDGHVHQODREMHWLYLGDGGHOGLDJQyVWLFRWUDGLFLRQDO\OD
SRVLELOLGDGGHXQDQiOLVLVPiVREMHWLYRSRUPHGLRGHO
GLDJQyVWLFRGHVDUUROODGR(VQHFHVDULRUHDOL]DUHVWXGLRV
SRVWHULRUHV GH HVWD PHWRGRORJtD SDUD VX DSOLFDFLyQ
FOtQLFDDSDFLHQWHVDGXOWRVDVtFRPRSDUDHYDOXDUHO
YHUGDGHUR LPSDFWR FOtQLFR GH OD LPSRUWDQFLD GH OD
HYROXFLyQ KDFLD OD HQIHUPHGDG (Q OD DFWXDOLGDG ORV
SDFLHQWHVGLDJQRVWLFDGRVFRPRVDQRVGHVGHODPHWRGR
ORJtDYLJHQWHQRSUHVHQWDQGLILFXOWDGHVSRVWHULRUHV
'HDFXHUGRFRQHOWLSRGHHFRFDUGLRJUDItDUHDOL]D
GDHOYHQWUtFXORVHHVWXGLDDWUDYpVGHDSUR[LPDFLRQHVD
GLVWLQWDVILJXUDVUHJXODUHVTXHQRFRUUHVSRQGHQDORTXH
VHREVHUYDHQORVPRGHORVREWHQLGRVGHYDFLDGRVHQ
FHUD  (O DQiOLVLVDLVODGRGH ODVGLPHQVLRQHV
IUDFWDOHV REWHQLGDV SDUD ODV LVODV  \  QR SHUPLWH
HVWDEOHFHUUDQJRVGHGLIHUHQFLDFLyQHQWUHQRUPDOLGDG\
HQIHUPHGDG0HGLDQWHHOFRQFHSWRGHDUPRQtDPDWH
PiWLFD LQWUtQVHFD VH FRQVWUX\yXQREMHWRPDWHPiWLFR
DEVWUDFWRGHQRPLQDGRLVODWRWDOTXHGDFXHQWDGHOD
HVWUXFWXUD YHQWULFXODU HQ VtVWROH \GLiVWROHGHPDQHUD
XQLILFDGD\TXHHVLQGHSHQGLHQWHGHPD\RUHVRPHQRUHV
JUDGRVGHLUUHJXODULGDGGHOYHQWUtFXOREDViQGRVHHQOD
GHWHUPLQDFLyQPDWHPiWLFDGHUHODFLRQHVDUPyQLFDVTXH
FDUDFWHUL]DQDOFXHUSRKXPDQR
/DDSOLFDFLyQGHFRQFHSWRVPDWHPiWLFRV\ItVLFRVDOD
FDUDFWHUL]DFLyQ \ HO GLDJQyVWLFR GH OD PRUIRORJtD \
GLQiPLFDGHGLIHUHQWHVVLVWHPDVELROyJLFRVGLROXJDUD
UHVXOWDGRVHIHFWLYRVHQHVWXGLRVFOtQLFRV\H[SHULPHQWDOHV
7DOHVHOFDVRGHORVWUDEDMRVGH*ROGEHUJHU
EDVDGRVHQODWHRUtDGHORVVLVWHPDVGLQiPLFRV\ORVGH
5RGUtJXH] \ FRODERUDGRUHV TXLHQHV GHVDUUROODURQ XQ
PpWRGRGHFDUDFWHUL]DFLyQGHUDGLRJUDItDVGHWyUD[FRQ
EDVHHQJHRPHWUtD IUDFWDODSOLFDGDDFDVRVQRUPDOHV
\SDWROyJLFRV \HYLGHQFLDURQXQFRPSRUWD
PLHQWRIUDFWDOGHOUHSHUWRULRLQPXQHFDUDFWHUL]DQGRHO
JUDGRGHFRPSOHMLGDGGHOUHSHUWRULR7HVSHFtILFRFRQWUD
DODOHUJHQR3RDS0DQLYDQQDQ\FRODERUDGRUHV
 UHDOL]DURQ PHGLGDV GHO YHQWUtFXOR L]TXLHUGR HQ
HFRFDUGLRJUDPDV ELGLPHQVLRQDOHV GHVDUUROODQGR XQ
tQGLFHJHRPpWULFRGHQRPLQDGR,(tQGLFHGHH[FHQWULFL
GDGTXHSHUPLWHHYDOXDUODGLVIXQFLyQVLVWyOLFD5RGUtJXH]
\FRODERUDGRUHVHYDOXDURQODGLQiPLFDIUDFWDOGH
OD UDPLILFDFLyQ FRURQDULD L]TXLHUGD GH SDFLHQWHV FRQ
SUHVHQFLD \DXVHQFLDGHHQIHUPHGDGDUWHULDORFOXVLYD
VHYHUD D SDUWLU GH ORV FRQFHSWRV GH YDULDELOLGDG \
GLIHUHQFLDQHWDDSOLFDGRVDLPiJHQHVFRQVHFXWLYDVGH
VtVWROHDGLiVWROHGHPDQHUDDQiORJDHQHVWHWUDEDMRVH
XWLOL]DXQDDEVWUDFFLyQPDWHPiWLFD OD LVOD WRWDOSDUD
HYDOXDUXQPLVPRREMHWRHQGLIHUHQWHVHVWDGRVGLQiPL
FRV(VWRVWUDEDMRVHYLGHQFLDQTXHODVXSHUDFLyQGHORV
SUREOHPDV HQ HO GLDJQyVWLFR GH H[iPHQHV PpGLFRV
SXHGHEDVDUVHHQPHGLGDVREMHWLYDV\HQFRQFHSFLRQHV
ItVLFDV \ PDWHPiWLFDV TXH SHUPLWDQ OD LQWHUSUHWDFLyQ
GLDJQyVWLFDGHODVPHGLGDVUHDOL]DGDV
$SOLFDFLRQHVIXWXUDV
6HGHVDUUROODUiXQDJHQHUDOL]DFLyQGHHVWDPHWRGROR
JtDDSOLFiQGRODDH[iPHQHVHFRFDUGLRJUiILFRVGHDGXO
WRV\VHHVWXGLDUiQODVLPSOLFDFLRQHVSURQRVWLFDVGHOD
HYROXFLyQ HQWUH QRUPDOLGDG \ HQIHUPHGDG /D
DXWRPDWL]DFLyQGHpVWH\RWURVPpWRGRVGHGLDJQyVWLFR
PDWHPiWLFRGHODHVWUXFWXUD\GLQiPLFDFDUGLDFDSHUPL
WLUiHOGHVDUUROORGHPpWRGRVGHHYDOXDFLyQLQWHJUDGRV
GHHVWRVH[iPHQHV
&RQFOXVLRQHV
/DVLPiJHQHVHFRFDUGLRJUiILFDVSHGLiWULFDVSXHGHQ
FDUDFWHUL]DUVHGHPDQHUDREMHWLYDFRQPHGLGDVGHGL
PHQVLyQIUDFWDO
/DFRQVWUXFFLyQPDWHPiWLFDGHODLVODWRWDODSDUWLUGHO
FRQFHSWR GH DUPRQtDPDWHPiWLFD LQWUtQVHFD SHUPLWH
GHVDUUROODUXQDPHWRGRORJtDGHGLDJQyVWLFRFOtQLFRGHOD
HFRFDUGLRJUDItDHQPHQRUHVGHHGDG
0HGLGDVTXHWHQJDQSRUORPHQRVXQDYH]HOYDORU
HQDOJXQDGHODVUHODFLRQHVHVWDEOHFLGDVHQWUHODVLVODV
FRUUHVSRQGHQDXQHVWDGRVDOXGDEOHPLHQWUDVTXHYDOR
UHVGHDUPRQtDPDWHPiWLFDLQWUtQVHFDGHRKDVWD
Tabla 6.
DIAGNÓSTICO DE LOS CASOS DE ACUERDO CON LA METODO-
LOGÍA DESARROLLADA.
Diagnóstico Pacientes
1RUPDO $$$$$
(YROXFLyQ R $$$$%%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$$$$$%%
%%%%%%%%
9RO1R
,66186
'LDJQyVWLFRPDWHPiWLFRGHHFRFDUGLRJUDItDVSHGLiWULFDV
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